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Abstract

Improving the thermal storage capacity of paraffin wax is an important method to develop phase
change thermal storage technology. In order to solve the problem of low thermal conductivity of pa-
raffin wax, six different gradient porosity copper foam arrangement schemes were designed to in-
vestigate the influence law of gradient porosity change on the thermal storage performance of pa-
raffin wax under the parallel and return type arrangement of copper foam in this paper. The expe-
rimental results showed that the addition of gradient porosity copper foam could improve the tem-
perature rise rate and temperature uniformity of paraffin wax, and the 94-96-98 gradient porosity
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arrangement could increase the temperature rise rate by 30%~200% when the copper foam was
arranged in parallel; the 98-96-94 gradient porosity arrangement could shorten the melting time
by 15~30 min when the copper foam was arranged in return pattern. After a comprehensive com-
parison of the schemes, the copper foam parallel arrangement is better than the turn-shape arrange-
ment. When the copper foam is arranged in parallel and the porosity distribution is 94-96-98, the
temperature distribution is the most uniform and the temperature rise rate is the fastest, which is
the best way to place the copper foam.
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Figure 1. Flow chart of phase change thermal storage experiment
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Table 1. Measuring instruments and their parameters
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Table 2. Arrangement solution of copper foam/paraffin wax
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Figure 2. Layout of measurement points
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Figure 3. Comparison of temperature rise of measurement points in Cases 1~3
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Table 3. Temperature rise rate and melting schedule in Cases 1~3
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Figure 4. Comparison of temperature rise of measurement points in Cases 4~6
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Table 4. Temperature rise rate and melting schedule in Cases 4~6
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Figure 6. Comparison of temperature rise in Case 3 and Case 5

(d) WAL G-12 IRFXFEL

6. Case 3. Case 5 iR F-*JLLE

4, &5ig

AN TR FE LB 2R 0 R A 0 A 05 PR S A7 A [l B by QA L, e P FL B R A B 2 &
ARCR W e HEAT SERS AT, RIS B A AN [R5 58 G B VAR A A AR AR A (I T
RILL IS ()R B AN Y 50 B S5 e b, B B0 B VR AT B T 5. 45100 R

1) VELAHA (0 N T B AR v A I P S AR SR FE S S, SPAT A L AR T A A R B [ 445
5~35 min, [A1 2844 B iR Tk 5~30 min, &R NGE R

2) WK ATATE R, 94-96-98 LI AT B BRI IR A FE F 30%~200%, FLH AT SRR,
TRFE S A .

3) A [ B A B, 98-96-94 LI A B K Bl AL I [ 4540 15~30 min, il B A A .

4) SN LGSR FE W R A B A MR B I R, VR AR T AT AT B ELFLBE R A B A N
94-96-98 I, FHHH AN, WESMERIL, RERICREAAAMETT K.

DOI: 10.12677/se.2023.132003 31 EIER=S 412


https://doi.org/10.12677/se.2023.132003

BT

SE

(1]
(2]
(3]
(4]
(5]
(6]
[7]
(8]
(9]
[10]

[11]

[12]

[13]

JER, AR, X A ) T 3R E BER R R I g B[] o E A G R, 2021(6): 108-120.
T, XIERBE, kA, . SEFMBE AR AR RD]. b TH AR 2021, 49(6): 6-10.
Tk, FEE. =PRI E A B AL AT ST []. TR AR, 2019, 35(5): 37-41.

SRBEE, 7GR, BN, ARASAE AR BRI T RE[J]. MR, 2014, 28(13): 26-32.
TF/R. HE AU A AR S ARSI B A D]: (AL 20 5] dba: AL 38k, 2020.

Zhao, C.Y., Lu, W. and Tian, Y. (2010) Heat Transfer Enhancement for Thermal Energy Storage Using Metal Foams
Embedded within Phase Change Materials (PCMs). Solar Energy, 84, 1402-1412.
https://doi.org/10.1016/j.solener.2010.04.022

Cui, H.T. (2012) Experimental Investigation on the Heat Charging Process by Paraffin Filled with High Porosity Cop-
per Foam. Applied Thermal Engineering, 39, 26-28. https://doi.org/10.1016/j.applthermaleng.2012.01.037

Yang, J., Yang, L., Xu, C. and Du, X. (2016) Experimental Study on Enhancement of Thermal Energy Storage with
Phase-Change Material. Applied Energy, 169, 164-176. https://doi.org/10.1016/j.apenergy.2016.02.028

Zhang, Z. and He, X. (2017) Three-Dimensional Numerical Study on Solid-Liquid Phase Change within Open-Celled
Aluminum Foam with Porosity Gradient. Applied Thermal Engineering, 113, 298-308.
https://doi.org/10.1016/j.applthermaleng.2016.10.173

ALY, BB LA R 5 A P IR AH AR i AL T A RE SRS B FE[D]: [k 22 A28 5], 22 M) 2B TR2E, 2020.
Mahdi, J.M. and Nsofor, E.C. (2018) Multiple-Segment Metal Foam Application in the Shell-and-Tube PCM Thermal
Energy Storage System. Journal of Energy Storage, 20, 529-541. https://doi.org/10.1016/j.est.2018.09.021

Tao, Y.B., You, Y. and He, Y.L. (2016) Lattice Boltzmann Simulation on Phase Change Heat Transfer in Metal
Foams/Paraffin Composite Phase Change Material. Applied Thermal Engineering, 93, 476-485.
https://doi.org/10.1016/j.applthermaleng.2015.10.016

RRADER, IR, EReAR, IME, WE T, M E G0 A S AR BN 2 S0 it A P BE O OB 2 AT [3]. T RE,
2020, 39(10): 15-17.

DOI: 10.12677/se.2023.132003 32 CIESES 42


https://doi.org/10.12677/se.2023.132003
https://doi.org/10.1016/j.solener.2010.04.022
https://doi.org/10.1016/j.applthermaleng.2012.01.037
https://doi.org/10.1016/j.apenergy.2016.02.028
https://doi.org/10.1016/j.applthermaleng.2016.10.173
https://doi.org/10.1016/j.est.2018.09.021
https://doi.org/10.1016/j.applthermaleng.2015.10.016

	梯度孔隙泡沫铜对石蜡蓄热性能影响研究
	摘  要
	关键词
	Study on Effect of Gradient Pore Copper Foam on Thermal Storage Performance of Paraffin Wax
	Abstract
	Keywords
	1. 引言
	2. 实验方案及测点布置
	3. 结果分析
	3.1. 平行布置时不同孔隙率对比
	3.2. 回型布置时不同孔隙率对比
	3.3. 蓄热最佳布置方式
	3.3.1. 温度均匀性对比
	3.3.2. 温升速率对比


	4. 结论
	参考文献

